Since penicillin became available for the treatment of bacterial infections, the nontoxicity of the drug has been the subject of universal emphasis. Nevertheless, a number of toxic sequels, chiefly of minor importance, have been reported. These were more frequent in the early days of penicillin therapy, have gradually become less common, and were probably correctly ascribed, in the majority of cases, to the impurities unavoidably present in the commercially processed drug. 
Since penicillin became available for the treatment of bacterial infections, the nontoxicity of the drug has been the subject of universal emphasis. Nevertheless, a number of toxic sequels, chiefly of minor importance, have been reported. These were more frequent in the early days of penicillin therapy, have gradually become less common, and were probably correctly ascribed, in the majority of cases, to the impurities unavoidably present in the commercially processed drug. The standard of purity attained by the time that penicillin became available for the treatment of gonorrhoea and syphilis in the civilian clinics of this country has made untoward drug-sequele extremely rare, in our experience, with the exception of those related to the menstrual function.
Early in our series of cases, alterations in the normal menstrual cycle of non-pregnant patients were observed, notably the onset of premature menstrual periods, lengthened periods, increased loss, and premenstrual or trual dysmenorrhaea, and, in the case of iant women, the occurrence of uterine os in relation to penicillin administration.
rst these were presumed to be due to )cal pathological conditions present or to rxheimer-like reaction. te frequency of menstrual sequele, howseemed to indicate that the drug or some rity was the cause. That this was indeed th-_ase was proved by the occurrence of si-tr phenomena in uninfected control cases, a healthy volunteer, the other two being mild cases of trichomonatous vaginitis whose treatment had been completed. These 3 patients were particularly chosen for their B previous constancy in menstrual cycle, loss, and dysmenorrhoea. The results of the administration of 150,000 Oxford units of penicillin, given in 5 doses each of 30,000 units at 3-hourly intervals, are shown graphically in Figs. 1, 2, 3. In one of the patients menstruation occurred 7 days before the expected date: in the other two the periods were delayed by 7 and 10 days respectively. The duration of menstrual flow was increased by 2 to 3 days in all 3 patients. Loss was increased in all instances, and clots were also increased in the 2 cases in which they normally occurred. Premenstrual dysmenorrhoea was increased in one, abolished in one, and instituted in the third. Menstrual dysmenorrheea, severe in one patient, occurred for the first time in all 3 patients and persisted throughout the period. In these cases the subsequent periods were normal in all respects. This experiment indicated that menstrual irregularities could be instituted by the penicillin available, and it was decided to investigate the subject further. Examination of the literature has revealed few observations on the menstrual sequels of penicillin administration. Leavitt (1945) states: " The effect of penicillin in inducing premature menstruation or in prolonging menstruation already started has been the subject of comment by several of the doctors contributing to the Bulletin of the Rapid Treatment Centres." Unfortunately we have not been able to obtain access to this publication. In his personal series of cases, Leavitt found that 8 out of 21 pregnant patients treated with penicillin manifested symptoms of 'uterine activity-uterine cramps, bleeding, Mascall (1945) ..
- (Table II) indicates that, in the vast majority, the sequelh have been related to the first 2 postpenicillin cycles although in some cases the third and fourth cycles may also be affected. There is again a striking similarity in the pattern of results in the various groups independent of time-dosage factors.
The chief symptomatic changes in relation to the menstrual function are shown in Table III . Approximately 60% of the patients show changes in cycle, in duration of period, and in menstrual loss.
Menstrual Cycle.-The cycle was lengthened in 27-2% of cases, the average increase being 9 to 11 days (limits, 2 to 41 days); it was shortened in 32.7% of cases, the average being 10 to 11 days (limits, 2 to 20 days). In the remaining 40-1% the cycles were unaffected.
Menstrual Flow.-The duration of menstrual flow was lengthened in 44-5% of cases, the average increase being 5 to 6 days (lirmits, 1 to 22 days) beyond the patient's normal; it was shortened in 11 7%, the average being 2 days. The remaining 43-8% were unaffected.
Menstrual Loss.-This was increased in 56-1% of cases, the increase in the majority being " marked," but in 10% being extremely heavy. Loss was decreased in 2 5% of cases, while the remaining 41 4% were un-affected. The occurrence of menstrual clotting for the first tirne was noted by 12.1% of patients.
Dysmenorrhawa.-Perhaps the most striking feature of penicillin therapy has been the institution of premenstrual or menstrual dysmenorrhcea in approximately one-third of the cycles, while, on the other hand, some 10% of patients normally suffering dysmenorrhcea experienced temporary or permanent relief. Premenstrual pain commonly occurred 2 days before the onset of flow, being of moderate severity in the majority of cases. Exceptionally, the associated abdominal pain and tenderness were hyperacute and were highly suggestive of an " acute abdomen." There were, however, no associated temperature, pulse rate, or respiratory increases, and the pain usually abated with the onset of menstrual flow. Menstrual pain, while usually of moderate degree in those affected, was occasionally of the utmost severity. Mittelschmertz Phenomenon.-T h e m i t t e 1-schmertz phenomenon was noted in 8 patients, 6 of whom had had 2,400,000 units of penicillin for the treatment of early syphilis, the remainint 2 receiving 200,000 units for the treatment of gonorrhea. None of these patients had previously experienced this phenomenon, nor has it recurred. One other patient complained of intermenstrual bleeding; she noted a scanty 1-day loss, recurring every third day for 2 menstrual cycles and commencing 3 days after the cessation of the first post-penicillin period (Fig. 26) .
At the start of this investigation, an attempt was made to determine by graphical records whether a general pattern of results could be related to the time in the menstrual cycle at which penicillin was exhibited. It soon became apparent that the seque-e -alterations in cycle, in loss, and in the occurrence of dysmenorrhoea, etc.-were unpredictable for any given patient. That, however, the sequelke are of individual idiosyncratic pattern is shown in 5 of our cases by the recurrence of similar phenomena in the same patient on repeated administration of penicillin (Fig. 6) . (Figs. 4, 5 ). In the other 2 cases ofapproximately similar durations, courses of 2,400,000 units for sero-negative primary and sero-positive syphilis were followed by the same result. In 2 cases of pubertal amenorrhoea of 4 and 6 months' duration respectively, occurring in patients of 14 and 14j years of age who were the subjects of congenital and acquired syphilis and who were treated with 2,400,000 units of penicillin, menstruation was re-established for 2 complete menstrual cycles: further follow up of these cases proved impracticable because of their transfer elsewhere (Fig. 22) .
MENOPAUSE
In 2 patients at the menopause, penicillin temporarily restored the menstrual function. In 1 patient, aged 51, in whom no menstrual loss had been noted for 9 months, a 1-day flow occurred on the third day of a 74-day (2,400,000 unit) course of penicillin. This was followed 22 days later by a 4-day period of moderately heavy loss. No further menstruation was noted. The other patient, aged 45, had been increasingly irregular for about a year, the last menstrual losses being 86 and 129 days respectively before the commencement of a 2,400,000 unit course of penicillin for late syphilis. Seven days after completion of penicillin therapy a normal 6-day menstrual loss was experienced. This was followed by a 3-day loss 40 days later, since when the menses have ceased completely (Figs. 23 and 24 ).
PREGNANCY
Of 32 cases of pregnancy treated with penicillin (Table IV) , 12 experienced uterine cramps. Of this number 3 showed, in addition, uterine hemorrhage. Cramps occurred most commonly on the first day, usually after the second or third injection of penicillin, and consisted of a series of 1 to 3 moderately vigorous uterine contractions, followed by a sequence variable in number and gradually decreasing in amplitude. The contractions lasted over a period varying from a few minutes up to 2 to 3 hours. Recurrence of the pains was unusual. Bleeding was in no case of serious import, and varied from a slight staining of the linen to marked soiling of a sanitary pad.
Labour occurred in 5 patients, 3 between the seventh and ninth months of gestation, and the remaining 2 at " term." In the 3 patients of the first group (seventh to ninth month) labour pains followed " penicillin cramps " without any initial hiemorrhage. In 1 patient (7 months The second patient was suffering from late congenital syphilis, also detected by ante-natal serological tests. Uterine cramps of moderate severity began 2 hours after completion of the 7i days' course of treatment and persisted for 8 to 10 hours. Labour, which began the folIowing day, resulted in a healthy 7 months' infant.
In the third patient, 8 months pregnant and the subject of untreated late secondary syphilis, foetal movements ceased on the third day of penicillin treatment and the faetal heart sounds could no longer be heard. Uterine cramps occurred on the third and fourth days but were of very mild character. Apart from this, the course of penicillin was completed uneventfully. Thirty-six hours later labour commenced and resulted in the birth of a small macerated feetus.
The role of penicillin in causing labour must be regarded as doubtful in the first and third cases, because of the feetal death due to syphilis, but it cannot be ignored as a probable precipitant of labour in the second case. In the 2 cases at " term " i.e. within 48 hours of calculated date, labour commenced in 1 following uterine cramps consequent on the second penicillin injection, and in the other following cramps occurring on the last day of the course of treatment. From these cases at term no conclusions can be drawn. It seems, however, permissible to suggest that the sequele of pepicillin treatment in pregnancy are more likely to occur with the higher dosages and in the more advanced stages of pregnancy.
PUERPEIJUM
Of 16 patients whose penicillin treatment began early in the puerperium, 12 showed some alteration in the lochia. Four patients were treated with 150,000 units. Of these, 2, treated on the fifth and eleventh days respectively, were unaffected; 1 (fourth day), showed a marked-increase in lochia rubra, persisting for 36 hours, which then rapidly diminished and became serous; 1 (eleventh day) showed a rapid diminution in lochia alba which had completely ceased at the termination of the 12-hours' penicillin administration. No further visible loss was reported.
Twelve patients were treated with 2,400,000 units. Two were completely unaffected. Three, after penicillin commencing on the fourth, fifth, and eighth days of the puerperium respectively, showed a marked increase in loss, temporary in nature, and in no case persisting after the termination of the penicillin course or altering the normal sequence of lochial changes. Six (third, fourth, fourth, sixth, seventh, and tenth days respectively) experienced marked decrease of lochial flow without alteration of the total duration. In 1 patient (sixth day) however, the lochia ceasedc completely within 12 hours of the commencement of the penicillin course and did not becomere-established. LACTATION During the puerperium it was noted that changes in lactation occurred in relation to, penicillin therapy. Of the 4 patients treated with 150,000 units, 2 were unaffected, 1 showed atemporary decrease of secretion for 48 hours after penicillin administration, while 1, after a progressive diminution in secretion, became " dry '" after 5 days in spite of all efforts to restore the function. Of the 12 patients treated with 2,400,000-units, 2 showed no lactatory changes, and & experienced a temporary decrease limited to the duration of penicillin administration. In 2 cases, however, lactation completely ceased and could not be re-established. Two of the 3 patients exhibiting failure of lactation had, in previous pregnancies, successfully breast-fed their infants.
The vagary of lochial alterations does not appear to depend upon the dosage or point in the puerperium at which the penicillin therapy was commenced. Similarly the stage of disease had no bearing; the 4 cases of gonorrhcea (150,000 units) were all uncomplicated, while analysis of the syphilis group shows no significant variations in sequels in the early, late, and late congenital stages. The numbers of cases observed are, however, so small that only the most tentative conclusions can be drawn.
In regard to lactation, however, a more constant sequel is seen in the depression of the function in 75 per cent. of the patients observed, the criterion of " decrease" being the necessity for the institution of supplementary feeding. Of those affected, 25 per cent. permanently ceased to lactate. Apart from the penicillin no extraneous factors could be elicited, and it seems not unreasonable to conclude that the drug was the inhibiting agent. No constant relationship was noted between the occurrence or type of lochial sequels and the diminution of lactation.
Our observations on patients treated later in the puerperium or during the normal lactation penod are few, numbering only 3 cases, and are not included in Table I . In 1 case a course of 2,400,000 units, begun on the twenty-fourth day after delivery for late asymptomatic syphilis, resiflted in a marked decrease of lactation during the 7i days of treatment, and supplementary feeding had to be instituted. This measure became unnecessary within 48 hours of the termination of penicillin injections. In a second case of late congenital syphilis, treated from the twenty-eighth day as an out patient with daily injections of penicillin in oil-wax emulsion, no lactatory changes were reported. One-day menstrual losses, however, occurred on the thirty-third, forty-first, and fortyeighth days; no local cause could be detected, and no further losses were reported. In the third patient (late syphilis, 2,400,000 units in oil-wax emulsion) treatment was begun at the fifty-seventh day; no lactatory changes were reported, but a normal-duration heavy menstrual period with marked, unaccustomed premenstrual pain,occurred 17 days after completion of drug therapy; in this case menstruation continued at normal intervals without change in lactation (Fig. 25 ).
Summary and Conclusions
Menstrual cycle sequele were found to occur in 91'3 per cent. of 206 non-pregnant female patients treated with penicillin in varying time-dosage schedules. The principal changes noted were alteration (lengthening or shortening) of the cycle and duration of flow, and the institution of premenstrual or menstrual dysmenorrhoea, occasionally of the utmost severity.
Uterine bleeding and/or cramps occurred in 43-8 per cent. of 32 women at varying stages of pregnancy who were undergoing penicillin therapy; in 1 of these cases it is probable that this form of treatment precipitated the onset of labour at the seventh month. Alterations in the lochia were observed in 75 per cent. of 16 women treated during the first fortnight of the puerperium; increased loss during the period of drug-therapy was seen in 4, decrease in 7, and complete ablation in 1. Lactation was diminished in 75 per cent. of 16 cases. While this decrease was usually limited to the injection period and normal function was subsequently rapidly regained, permanent cessation of-lactation occurred in 25 per cent. of those affected.
Restoration of normal menstrual function was noted in 1 patient treated late in the puerperium, a normal cycle becoming established without interference with lactation.
Reactions to penicillin cannot be forecast. They appear to result from individual idiosyncracy, as is evidenced by the recurrence of a similar pattern of sequels on re-exhibition of the drug.
It is believed that these phenomena are caused by the penicillin available to us or to the impurities inseparable from the process of manufacture. That the latter hypothesis is the case is suggested by the decreasing frequency in recent months of such reactions, despite greatly increased penicillin dosage, and by the absence of sequale in 2 patients treated with pure penicillin.
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